This paper is based on data compiled in the course of developing, for InterAmerican Development Bank (IDB), a WTE Guidebook for managers and policymakers in the Latin America and Caribbean region. As part of this work, a list was compiled of nearly all plants in the world that thermally treat nearly 200 million tons of municipal solid wastes (MSW) and produce electricity and heat. An estimated 200 WTE facilities were built, during the first decade of the 21st century, mostly in Europe and Asia. The great majority of these plants use the grate combustion of as-received MSW and produce electricity. The dominance of the grate combustion technology is apparently due to simplicity of operation, high plant availability (>90%), and facility for training personnel at existing plants. Novel gasification processes have been implemented mostly in Japan but a compilation of all Japanese WTE facilities showed that 84% of Japan's MSW is treated in grate combustion plants. Several small-scale WTE plants (<5 tons/hour) are operating in Europe and Japan and are based both on grate combustion and gasification technologies. Lists of several European plants are presented that co-combust medical wastes (average of 1.8% of the total feedstock) and wastewater plant residue (average of 2% of the feedstock).
INTRODUCTION
In 2010-2011, the Earth Engineering Center of Columbia University was engaged by InterAmerican Development Bank (IDB) to prepare a WTE Guidebook for use in the Latin America and Caribbean region (1) . Many private sector firms visit governmental authorities in the IDB borrowing member countries and offer various novel technologies for the thermal treatment of municipal solid wastes (MSW). Government officials may not be well informed about the fundamentals of thermal conversion, the commercially available technological options, their environmental impacts, and the associated capital and operating costs. Therefore, the WTE Guidebook is intended to provide technical guidance in assessing the feasibility and in implementing WTE projects. This paper is based on the sections of the WTE Guidebook that discuss the current use of WTE technology around the world. Since the beginning of history, humans have generated solid wastes and disposed them in makeshift waste dumps or set them on fire. After the industrial revolution, near the end of the 18 th century, the amount of goods used and then discarded by people increased so much that it was necessary for cities to provide landfills and incinerators for disposing wastes. The management of urban, or municipal, solid wastes (MSW) became problematic since the middle of the 20 th century when the consumption of goods, and the corresponding generation of MSW, increased by an order of magnitude. In response, the most advanced countries developed various means and technologies for dealing with solid wastes. These range from reducing wastes by designing products and packaging, to recycling of usable materials, composting of green wastes, combustion with energy recovery, commonly called waste-toenergy (WTE), and sanitary landfills that prevent aqueous and gaseous emissions to the environment. It has been estimated that the recorded disposal of post-recycling MSW amounts to over 1.2 billion tons per year, of which one billion are landfilled and 0.2 billion are treated by various waste-to-energy technologies (2, 3) . Also, only 20% of the landfilled MSW is disposed in sanitary landfills that reduce aqueous and gaseous emissions to the environment.
THERMAL TREATMENT TECHNOLOGIES
The only proven alternative to landfilling for post-recycling MSW is combustion or gasification to recover electricity, heat, syngas and metals. Worldwide, there are over 800 thermal treatment plants, most of them in E.U., Japan, the U.S., and China. Some of the most thermally efficient WTE facilities are in northern Europe and, per ton of MSW combusted, recover 0.5 MWh of electricity plus over 0.5 MWh of thermal energy for district heating. With regard to electricity only facilities, the average U.S. facility recovers 0.55 MWh of electricity (net) per metric ton of MSW processed, while new facilities, e.g. AEB Amsterdam, provide to the grid over 0.7 MWh of electricity per ton of MSW combusted. The compilation of worldwide WTE plants shows that by far the most common WTE technology is grate combustion of asreceived MSW. The apparent reasons for the global dominance of the grate combustion technology are: Simplicity of operation: Grate combustion is a fully automated process, with the exception of the cranes that feed the hoppers of the combustion furnaces; even this part has been automated in some recent WTE plants. High plant availability: Grate combustion has been developed over half a century and the cumulated industrial experience has led to continuous improvement of equipment and operating methods. This has resulted in relatively low maintenance and downtime of grate combustion plants. Several providers of grate combustion furnaces will guarantee over 8,000 hours of operation in a year, that is, over 90% plant availability. Since repayment of the capital cost is the major cost item per ton of MSW processed, this is a very important consideration in WTE technology selection. Personnel requirements and training: The above two factors have resulted in the fact that, for example, a grate combustion plant consisting of three parallel furnaces (lines) combusting 960 tons per day each (40 tons/hour per line) requires a fulltime personnel of 60. Also, the existence of many operations of the same type in many nations allows for training of personnel in countries where WTE is introduced for the first time. The above factors explain the difficulty of introducing novel WTE technologies, especially for large-scale plants where the capital investment and financial risk are very high. However, the high availability of grate combustion plants is partly due to their very generous sizing and the corresponding high capital cost of WTE plants, in comparison to coal-fired power plants, per ton of material combusted or per MWh of electricity generated. Therefore, lower capital cost per ton of MSW processed is the one area where gasification and other novel thermal treatment technologies have a chance of competing successfully with grate combustion, the workhorse of the global WTE industry. Although grate combustion is the dominant WTE technology at this time, novel WTE processes are constantly advancing and an alternative that is less capital intensive than grate combustion may emerge. Therefore, it is recommended that municipal requests for proposals for thermal treatment of MSW include both established and new technologies, provided they meet the required performance criteria.
USE OF GRATE COMBUSTION TECHNOLOGIES

APPLICATION OF GRATE COMBUSTION IN SMALL SCALE PLANTS
Grate combustion is used both in large-scale applications as well as in small WTE plants that serve very small communities. WTE facilities in Europe. These plants were divided in capacity segments of 0-50,000, 50,000-100,000 tons, etc., and the results are plotted in Figure 1 in the form of number of plants vs capacity range. It can be seen that 85 plants (26% of the total number surveyed) have an annual capacity of less than 50,000 tons and an equal number have annual capacity between 50,000 and 100,000 tons. The cumulative capacity of these 332 plants was about 50 million tons of feedstock combusted (solid line in Figure 1 ).
Figure 1 Number of plants vs plant capacity in Europe (based on ISWA data, ref 4)
MATERIALS THAT CAN BE PROCESSED BY GRATE COMBUSTION
The feedstock to the WTE plant can include practically all nonradioactive and non-explosive materials:
 Residential and commercial wastes remaining after the projected recycling and composting.  Combustible industrial wastes that are currently disposed in regulated or non-regulated landfills and are mixed with the MSW in the storage bunker.  Post-recycling combustible construction and demolition wastes.  Sludge cake generated by the wastewater treatment plant of the municipality.
 Shredded rubber tires, mattresses and post-recycling furniture.  Hospital wastes that are contained in sealed thick plastic bags, such as are used in medical incinerators.
MEDICAL WASTES
In the case of medical wastes, our analysis of a tabulation of all European WTE plants by the International Solid Wastes Association (4) showed that forty-one plants reported cocombusting medical wastes (Table 2) ; on the average, the medical wastes processed in these plants amounted to 1.8% of their total feedstock. 
SLUDGE/CAKE FROM WASTEWATER TREATMENT PLANTS
Analysis of the same data 4), showed that twenty-three plants reported co-combustion of sludge from wastewater treatment plants (Table 3) . On the average, the sludge combusted by these plants amounted to 2% of the total feedstock. It should be noted that only some WTE plants reported to ISWA materials that were co-combusted. Therefore, there may be other co-combusting plants that are not included in Tables 2 and  3 .
GRATE COMBUSTION AND GASIFICATION TECHNOLOGIES IN JAPAN
Japan has been a leader in developing and implementing novel thermal treatment technologies. This nation generates about 65 million tons of MSW, treats thermally over 40 million tons, and recycles the rest. Table 4 lists all the types of WTE technologies used in Japan. It can be seen that despite the abundance of other technologies, 84% of the 37.8 million tons of MSW listed in Table 4 are processed in grate combustion plants. The WTE processes called "gasification" are in fact a combination of partial oxidation and volatilization of the contained organic compounds. Gasification in the first furnace is followed by combustion of the volatile gases and steam generation in a second furnace, or by use of the syngas in a gas engine or turbine. Japan is the largest user of MSW gasification in the world; there are over one hundred thermal treatment plants based on relatively novel processes such as direct smelting (JFE, Nippon Steel), the Ebara fluidization process, and the Thermoselect gasification and melting process. These processes have emissions as low as the conventional WTE combustion process and produce a vitrified ash that can be used beneficially outside landfills. A definite advantage of gasification processes is their ability to vitrify the ash and this explains the large number of such plants in Japan (Table 2 ). However, plants of capacity over 500 tons/day capacity utilize grate combustion furnaces that are backed by a second furnace for vitrifying ash. Also, the Syncom grate combustion process, as applied at Sendai, Japan, and Arnoldstein, Austria uses oxygen enriched air to produce a semi-vitrified ash. Transportation of "as collected" MSW from one municipality to another is not allowed in Japan. As a result, many WTE facilities are relatively small. Also, in some cases, the MSW of several communities is processed to a refuse-derived-fuel in local RDF facilities and is then transported to a central thermal treatment plant that serves several communities. Also, WTE plants are required to vitrify their ash after combustion, by means of electric furnace, or thermal plasma melting, or other means.
CONCLUSIONS
During the first decade of the 21st century, about 200 new WTE facilities were built, mostly in Europe and Asia. The great majority of these plants used the grate combustion of asreceived MSW and produce electricity. The dominance of the grate combustion technology is apparently due to simplicity of operation, high plant availability (>90%), and facility of personnel training. Novel gasification processes have been implemented mostly in Japan but a compilation of all Japanese WTE facilities showed that 84% of Japan's MSW is treated in grate combustion plants. Several small-scale WTE plants (<5 tons/hour) are operating in Europe and Japan and are based both on grate combustion and gasification technologies. Lists of several European plants that co-combust medical wastes (average of 1.8% of the total feedstock) and wastewater plant residue (average of 2% of the feedstock).
